The adjacency matrix of a graph is a matrix which represents adjacent relation between the vertices of the graph. Its minimum eigenvalue is defined as the least eigenvalue of the graph. Let G n be the set of the graphs of order n, whose complements are connected and have pendent paths. This paper investigates the least eigenvalue of the graphs and characterizes the unique graph which has the minimum least eigenvalue in G n .
Introduction
Let G := (V (G), E(G)) be a simple graph of order n, where V (G) = {v 1 , v 2 , · · · , v n } be vertex set, E(G) = {e 1 
(G), a i j be the i j−entry of A(G). The signless Laplacian matrix of G is defined to be Q(G) = D(G) + A(G). In addition, the
are real symmetric matrix, their eigenvalues are real numbers and can be arranged. Let the eigenvalues of A(G) arrange as :
, is called the least eigenvalue of G. The corresponding unit eigenvectors of λ min (G) are called the first eigenvectors of G. Similarly, the largest eigenvalue of Q(G) be defined as the signless Laplacian spectral radius of graph G, and the minimum eigenvalue of Q(G) be defined as the least signless Laplacian eigenvalue of graph G.
There are many research results with respect to the (signless Laplacian) spectral radius of graphs. However, relative to the (signless Laplacian) spec-tral radius, there are few results on the (signless Laplacian) least eigenvalue. Especially, when the structures of graphs are very complex, but the structures of their complements are simple, we naturally think whether we can study the (signless Laplacian) minimum eigenvalue of the graphs from structure of their complements; see [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In this paper, we also study the least eigenvalue of graphs from their complements. Let G n be the set of the graphs of order n, whose complements are connected and have pendent paths. This paper investigates the least eigenvalue of the graphs and characterizes the unique graph which has the minimum least eigenvalue in G n .
Preliminaries
In the following, we will introduce some definitions. Let G be a graph of order n, a vector x ∈ R n is defined on G.
One can find that, for an arbitrary vector x ∈ R n ,
and if x(̸ = 0) is an eigenvector of A(G), which is correspond to the eigenvalue λ of A(G), then
with equality when and only when x is the first eigenvector of G.
We can also find that A(G c ) = J − I − A(G), where J, I denote the all-one square matrix and the identity matrix of order n, respectively. Then for an arbitrary vector x ∈ R n ,
We introduce a special graph G(p, q) of order 
with equality when and only when p = ⌈n/2⌉ − 1, q = ⌊n/2⌋ − 1.
, and according to Lemma 2.1, we have
Case 1: p = 0. By equations (2.2) and (2.5), all the vertices in V (K q ) except v 3 have the same values, which are given by x, denoted by x 1 . Denote
The above equations are transformed into a matrix
We have
then λ is the smallest root of f 1 (x) = 0, therefore 6 , and λ min (G (1, n − 3) c ) = λ. Also by equation(2.2), we have
The above equations are transformed into a matrix equation (B − λI)x ′ = 0, where 
The above equations are transformed into a matrix equation (B − λI)x ′ = 0, where
We have f 3 (x) = det(B − xI) = −x 5 + (3n − 9)x 3 + 2(n − 4)x 2 − (3n − 11)x. When n ≥ 21 and 
Case 4.1: p ≥ q + 2. When x < −7, we have
Since λ is the smallest root of
Case 4.2: q ≥ p + 1. When x < −7 and q ≥ p + 2, we have
>0.
When x < −7 and q = p + 1, we have
Since λ is the smallest root of f 4 
Next we will compare λ min (G(n − 3, 1) c ) and λ min (G(n − 4, 2) c ).
When n ≥ 21 and x < − √ 37, we have
>0.
Then combining with Cases 1,2,3,4, the result follows.
Main Results
Theorem 3.1 Let G be a connected graph of order n(n ≥ 21), which has pendent paths, then
with equality when and only when G = G(⌈n/2⌉ − 1, ⌊n/2⌋ − 1). By above discussions, the structure of G, and equations (2.3),(2.4), we get the following results: 
Conclusion
Let G n be the set of the graphs of order n, whose complements are connected and have pendent paths. This paper investigates the least eigenvalue of the graphs and characterizes the unique graph which has the minimum least eigenvalue in G n . Because relative to the results about spectral radius, there are few one on the least eigenvalue, and the method in this paper which studies the eigenvalue of the graphs from structure of their complements is a relatively new method, this paper is meaningful.
